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Introduction
The incidence of congenital heart disease (CHD) is 5 -8 per 1 000 live-born infants (1) .
Reproductive patterns for women with CHD have not been well studied. In the past, the high mortality among these women often led to the recommendation that they should avoid pregnancy. Pregnant women with congenital heart disease are at increased risk for cardiac and neonatal complications, but the exact nature of risk factors for adverse outcomes has not, as yet, been fully defined (2) (3) (4) . Most studies and current knowledge are based on clinical samples that included both women with CHD and women with acquired heart disease (5-7).
Swedish population-based registries are prospectively collected and contain well-validated data. They therefore provide a unique opportunity to study the effect of congenital heart disease on reproductive pattern in a large cohort. Our aim was to investigate whether women diagnosed with CHD differed from those without CHD with respect to characteristics of their own births, their subsequent likelihood of giving birth, as well as obstetric and neonatal outcomes of their pregnancies.
Material and Methods
The Swedish Medical Birth Registry (MBR) was established in 1973 and covers approximately 99% of all births. The Registry contains a large number of items concerning pregnancy, delivery and pediatric neonatal examination, as well as certain maternal characteristics such as previous reproductive history (8) . The Total Population Registry (TPR) contains information on births, deaths, marital status, as well as information on migrations, and country of origin for Swedish residents born abroad (9) .
The National Patient Registry (NPR) has been in use since 1964 and from 1987 onwards it covers all public, in-patient care in Sweden (10) . The NPR continuously receives patient, hospital and administration data, including diagnosis, external cause of injury, poisoning and surgical procedures. The diagnoses in the NPR are based on the Swedish version of the World Health Organization International Classification of Diseases (ICD). ICD-8 (11) was used until 1986, ICD-9 (12) was used between 1987 and 1996, and ICD-10 (13) from 1997 onwards. The Causes of Death Register records information on all deceased persons registered in Sweden at the time of death (14) . Using the Multi-Generation Register it is possible to identify the fathers of the children registered in the MBR and the TPR (15).
Information on the educational level of the women in the study population as well as their parents was retrieved through of the Education Register and the Population and Housing Census 1970, respectively (16, 17) .
All women born in 1973 -1983 according to the MBR and the TPR, who were alive and still living in Sweden at 13 years of age served as the study population (n = 500 245). Women with missing values on birthweight and/or gestational length were excluded (n = 3 360), as were those with extremely high or low birth weights compared to their length of gestation (n=2 193). The exclusion procedure is explained elsewhere (18). The final cohort therefore consisted of 494 692 women who were followed up until the end of 2006. During the study period, 4.3% of the women emigrated and 0.38% died. The 494 692 women were then individually linked to the maternal personal identification numbers for births occurring in the MBR before 2006 (the first birth occurred in 1987). Thus, at the time of the study, the maximum maternal age was 33 years. A total of 189 819 mother-firstborn-offspring pairs were identified, of which 912 pairs were excluded due to missing values on the child's birthweight and/or gestational length, and an additional 40 due to the children having extremely high birthweights given the length of their gestation or an unlikely length of gestation (18). Thus, 188 867 mother-firstborn-offspring pairs were available for analysis.
CHD was defined as the women having one or more of the following three-digit-level codes: ICD-8: 746 or 747, ICD-9: 745-747, ICD-10: Q20-Q26. These 'cases' were identified through both the MBR and NPR.
We divided the congenital heart defects into complex and simple. Complex defects were defined as truncus arteriosus, transposition of the great arteries, tetralogy of Fallot and singleventricle defects. Simple defects were defined as isolated valve disease, isolated atrial or septal defect, coarctation of the aorta or persistent ductus arteriosus.
Information on socioeconomic and other background characteristics of both the studied women and their parents was retrieved from the registries (19). We also had information about the parents´ educational levels in 1985, their country of origin, as well as the mothers' marital status, parity, and age at the time of giving birth (i.e. 1973-83). For the studied women we had information on several birth-related variables such as birthweight, gestational length, instrumental delivery, cesarean section, and whether the women were the result of a twin birth. Preterm birth was defined as birth before 37 completed weeks of gestation, and smallfor-gestational age (SGA) was defined as a birthweight < -2 standard deviations of the mean birthweight for the gestational length according to Swedish external standards from 1996 (20). Furthermore, we were able to retrieve information on the women's educational levels and marital status at 25 years of age. For the women who had become mothers during the study period we also had information on cohabitation status, body mass index (BMI) and smoking habits during early pregnancy, as well as age when giving birth.
Women diagnosed with congenital heart disease were compared with those not diagnosed with the condition by means of the Chi-squared test and the t-test; the results of these analyses are presented in Tables 2-6 . The data were also modeled through Cox's proportional hazards model to estimate the effect of congenital heart disease on the women's subsequent likelihood of giving birth. The time-dimension was defined as age; subjects exited from risk when they gave birth to the first child, emigrated for the first time, died or reached the end of follow-up, whichever took place first. Both crude and adjusted hazard ratios and corresponding 95% confidence intervals were calculated. Adjustments were made for parental socioeconomic characteristics ( Table 2 ).
In addition to the Chi-squared tests presented in Tables 3 and 5 , differences between the women who were diagnosed with congenital heart disease and those who were not, were estimated by means of multiple logistic regression analysis, controlling for background variables presented in Tables 2 and 4 , and the odds ratios and corresponding confidence intervals were calculated. By this method we were able to account simultaneously for the combined effect of the studied variables. However, as the differences between these analyses and the Chi-squared tests presented in the tables are not substantial; we chose not to present the results of these additional analyses.
This study was approved by the Human Research Ethics Committee, Faculty of Health Sciences, Linköping University.
Results
Of the 494 692 women born in 1973-1983, 2 216 (0.45%) had been diagnosed with CHD and of these, 197 (8.9%) had a complex CHD (Table 1) . Table 2 presents the socioeconomic characteristics of the parents and shows that mothers of the women with CHD more often were older and single or unmarried. Women diagnosed with CHD were more likely to have been born preterm or SGA than women not diagnosed with CHD (Table 3 ).
The women with CHD were also more likely to have been delivered by cesarean section, and more often the result of a twin birth. All associations remained significant when simultaneously including all categorical variables in Table 3 as well as the socioeconomic characteristics presented in Table 2 in the same model (data not shown). Among the women in the study cohort, 188 867 had become mothers before the end of 2006. Table 4 presents birth rates for women diagnosed with different CHD as well as p-values for the comparison of women diagnosed with the specific CHD compared to all other women in the study (not diagnosed with the specific CHD, their corresponding birth rate being 38.4%). As can be seen in Table 4 , women diagnosed with CHD have significantly lower birth rates compared to women not diagnosed with the specific CHD except from single ventricle, congenital aortic valve stenosis, and coarctation of the aorta, where no differences were found. However, when adjustments were made for the parental socioeconomic characteristics presented in Table 2 , women who were diagnosed with CHD were significantly more likely to have given birth during the study period; Hazard ratio = 1.140 (95% confidence interval: 1.058-1.228), p = 0.001 (data not shown). Table 5 shows that women with CHD were younger at the time of their first pregnancy. There were no other differences concerning socioeconomic characteristics, BMI, smoking, hypertension or diabetes during pregnancy between the groups of women. In Table 6 , delivery-related data of the studied women's firstborn children are presented. Women who themselves were diagnosed with CHD were more likely to give birth to children born preterm, SGA and via cesarean section. Women with CHD were also more likely to give birth to a child with a congenital anomaly (p< 0.001). There were no significant differences regarding these variables among those diagnosed with simple and complex CHD, respectively. When the variables in Table 6 (i.e. preterm birth, SGA, cesarean section, and congenital anomalies)
were analyzed simultaneously, all associations were still evident (data not shown).
Within the first year after delivery there were 26 maternal deaths. None of these women had a CHD.
Discussion
In this large national population-based study we found that women with CHD were more likely to have been born preterm or SGA than women without CHD. Women with CHD were also more likely to have been born with a cesarean section, which is in accordance with earlier findings (21). There was a difference in the likelihood of CHD women giving birth, as women with CHD more often were younger first-time mothers. Women with CHD were more prone to give birth prematurely and to give birth to SGA children. There was also an overrepresentation of children with congenital abnormalities born to mothers with CHD. This is in line with the results from other recent studies on pregnancy outcome in women with CHD (4, 7, 22-24). Yet, there are to our knowledge no large population-based studies in the literature that have been able to compare mothers with CHD with all those who do not suffer from CHD.
Since maternal deaths connected with pregnancy and delivery are reported in the literature for groups of women with CHD, the results in this study where no maternal deaths were found among women with CHD, are of special interest. However, this finding may reflect better clinical management of these women because of greater awareness of the risks that pregnancy posed for them. Preconception counseling is often available now, and many clinics have a multidisciplinary management system for pregnant women with CHD, a system in which different specialists (such as obstetricians, cardiologists, anesthesiologists) work closely together.
The study did not show any difference between women with simple CHD and complex CHD, which was somewhat surprising. However, this might be explained by the sample size or by the relatively young age of the study population. Another possible explanation is that we only included the women's firstborn child.
Generally, the offspring of women with CHD have a 5-8 % incidence of CHD (25, 26). In this study, women with CHD had a high risk of giving birth to a child with a congenital abnormality. Women with a complex CHD had an almost threefold higher risk of giving birth to a child with a congenital abnormality than women in the normal population. We were unable to investigate the proportion of CHD among these children with a congenital abnormality due to lack of data in the registries. However, it is important to bear in mind that for the newborn child to receive a diagnosis of CHD in NPR, the defect has to be diagnosed before the mother and child are discharged after delivery and it is well-known that in many children the heart defects are diagnosed at a later stage. Furthermore, it was not our purpose to Congenital heart defects are the most common congenital abnormality and many if not most have been successfully treated in the past several decades. Most obstetricians will clinically encounter pregnant women with a history of CHD. Also, the population with a history of CHD is different from the population of women with functional or acquired heart disease.
Therefore, further large studies on co-morbidity and extra-cardiac features frequently associated in patients with CHD, surgical interventions and subsequent pregnancies are needed in women with CHD to reach a more thorough understanding.
In conclusion, this large population-based register study has shown that women with CHD are more likely to have been born preterm or SGA, and themselves to give birth to children preterm, SGA and with congenital abnormalities compared with women without CHD. This is important to bear in mind when advising women with CHD about pregnancy. Prenatal diagnostics should be discussed and offered women with CHD. Antenatal health care in collaboration with specialists in obstetrics, cardiology and anesthesiology should be provided in order to minimize the risks during pregnancy and delivery. Great vessels defects 216
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Other heart defects 868
Other anomalies of the Aorta 66
Non-specified anomalies of the Heart or Great Vessels 535
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a Each person may have more than one CHD diagnosis. Compared to all other women in the study cohort. Comparison between complex and simple. 3 Comparison between simple and no heart disease.
